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(59)

(57) A novel pectinase for degradation a pectin or
pectic acid is disclosed wherein

(1) the novel pectinase is an endopolygalacturo-
nase produced from a genus Saccharomyces,

(2) the optimal pH is 4.0,

(3) the stable pH range is 4.0 to 8.0,

(4) the optimal temperature is 45°C,

(5) the enzymatic activity is stable up to 45°C,

and

(6) the molecular weight is 38,000. A low-molecular
pectin having a low viscosity and a high solubility
and maintaining the physiological activity as the
dietary fiber, and food and drink each of which con-
tains 0.01 to 50 wi% of the low molecular pectin are
also disclosed.

Low-molecular pectin, and food and drink which contain low-molecular pectin
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Description n i ; : : ‘ o, U
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_The present invention relates to a low-molecular pectin converted from a pectin while the physiological activity of

the-péctin as a dietary fiber is maintained, and-food and drink which contain the low-molecular. pectin. o

Dietary fibers are defined as hard digestive components in foodstutfs which cannot be digested by.human digestive
enzymes. The dietary fibers include non-digestive organic materials such as chitin and chitosan in addition to plant cell
wall components such as cellulose; lignin,-and: pectin. In recent years, these dietary, fibers are found.to have various
activifies siich as a defecation improving effect.and an-activity-of-reducing the cholesterol content, of blood and to play
an important role in preventing diseases of adultpeoples «r- ¢ i w2 e, e

Of these dietary fibers, pectic substances such as a pectin and pectic acid have a strong activity as the dietary fib-

_ ers. Various effects suich as a defecation:improving efiect, an.eftect of repressing the level.of the cholesterol content of

blood, an effect of repressing formation of galistones, and a hypertensive repression effect have.been r:,epor_ted., Con-

. ventionally, péctic'substances have been.used as stabilizers in jams, fruit jellies, yoghurt drinks, and lactic acid bever-

ages in food industries. Since the pectic substances have the above effects, they are expected as dietary fibers to be
added in food and drink. Gt Ll M .

* Apectiosubstance is bound with the cellulose in an unfipe fruit or plant to be present.in the form of a complex called
a protopectin. In particular, the protopectin is contained in citrus fruits, apples, and chinese quinces in, Jarge amounts.
‘Althotigh this protopéctin is insoluble, it is hydrolyzed to produce a,soluble pectin or, pectic acid when the fruit is ripened.

Of these products, the pectin is a polysaccharide containing galacturonane as a-polymer of.galacturonic acid as a
major component and small amounts of rhamnose, arabinose, xylose, and galactose and having a molecular weigh of .
200,000 or more. N

The pectin generally has a low solubility and a high viscosity and tends to gel. For this reason, although the pectin
Nas{e vaTious éffects as described-abovei. only:-a-small amount;of pectin is,added to,feod and drink, and it is difficuit
to add the pectin in food and drink in an amount enough to expect the activity of the dietary fiber. - ... .. .

Itis, therefore, the first object of the present invention to provide a low-molecular pectin which has a high solubility
and a low viscosity and maintains the physiological activity as the dietary fiber. Tl

Itis the second object of the present invention to provide food and drink which contain the low-molecular pectin.

In order to achieve the above objests-of the presentiinvention, a-pectin is degraded using a.pectinase to obtain a
low-molecular pectin which has a low viscosity and a high solubility. The present inventors made extensive studies on
many pectinase on the basis of the above assumption. As a result, the present inventors found that.endopolygalacturo-
nases (EC3. 2. 1. 15) derived from a yeast (i.e., Kluyveromyces fragilis, JTF-1) belonging to the genus Kluyveromyces,
a yeast (i.e., Geotrichum candidum, YTF-2)-betonging: to-the genus Geotrichum;.a yeast-{i.e., Candida Kefyr; JTF-3)
belonging to the genus Candida, and a yeast (i.e., Saccharomyces bayanus, JTF-4) belonging fo the genus Saccharo-
myces were suitable as pectinase. In addition, the present inventors also found that even if enzymes qbtained from the
above yeasts were caused to act up to the degradation limit, the decrease in molecular weight of the pectin by degra-
dation'was stopped at themolecular Weightof about 20,000 and degradation nojonger, progressed. The present inven-
tors also found that low-molectilarspecting'thaving: molecular ‘weights-of-20,000: o -80,000. could be obtained by
appropriate reaction condition control. ' '

The present inventors have deposited the micro-organisms for producing the pectinase (endopolygalacturonases)
used in the present invention designated as JTF-1 (accession number: FERM BP-4056) on October 11, 1991, JTF-2
(accession number: FERM BP-4057) on December 19,:1991,-:JTF-3.(accession number: FERM BP-4058) on March 6,
1992, and JTF-4 (accession number: FERM BP-3916) on July 9, 1992 with the Fermentation Research Institute,
Agency of Industrial Science and Technology located at 1-3, Higashi 1-chome, Tukuba-shi, Ibaraki-ken 305, Japan in
accordance with the Budapest Treaty on the International Recognition of the Deposit of Microorganisms for the Pur-
poses of Patent Procedures. R SR SR AP L N T ONC IS RS S R SR

The present inventors found for the first time that JTF-4 produced an endopolygalacturonase.

Furthermore, a novel pectinase having the following natures (i) to (vi) is provided: - -

" . (i) The novel pectinase is an endopolygalacturonase which is:produced from the genus_Saccharomyces and
degrades the pectin and the pectic acid. : :
(ii) The optimal pH upon reaction at 35°C for 20 minutes is 4.0.
. (iii) The stable pH range upon heating at 35°C for 60 minutes is 4.0 to 8.0.
(iv) The optimal temperature upon reaction at a pH of 5.0 is 45°C.
(v) The enzymatic activity upon heating ata pH of 5.0 for 60 minutes is stable up to 45°C.
(vi) The molecular weight is 38,000.

According to the first aspect of the present invention, the endopolygalacturonases (the endopolygalacturonases
produced from the yeasts JTF-1 to JTF-4 will be referred to as JTFP-1, JTFP-2, JTFP-3, and JTFP-4, respectively) pro-
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duced from JTF-1, JTF-2, JTF-3, and JTF-4 are caused to act on pectins to obtain low-molecular pectins. -y.. - .«
, According to the second aspect of the present lnvenbon there are provrded food and drink which contain 0.01 to
50 wt% of thé low-molecular pectin. e e T
This invention can be more fully understood from the followmg detalled descnptlon when taken in conjunctlon with
‘the accompan]ymg d‘rawmgs ln whrch T SR S e B ey
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* Fig: 1is ‘a‘grhph showing the relative actlvrty‘ and the pH 0 determlnean optlma! pH ot an enzyme (JTFP—4)
" Fig. 2 is & graph showing the relative-activity and the' pH-to determine:a stable pH range of the enzymg{JTFP- 4)h

Fig. 3 is a graph showrng the relatlve actlwty and the temperature to. determme an optimal temperature -of the

'l-enzyme(JTFP-4) DREART U RN N N i e e R e e e

Fig. 4 is a‘graph showmg the‘relative activrty and the temperature to. determme a stable temperature ra,nge of the

" .enzyme' (JTFP-4) and- T UeeESTCER AV L S ek 6 Bing e s e o
} ;Flg Sis a graph showing a vrscostty‘curvé'ofa low-molecular peetmaccordmg to the present.invention, » ...
cordl L UR K B3 - 2Iue s den S NI DI e LR ot oL oo
The present invention will be described in detail below Ny
~ An endopolYgalacturondse (UTFP24)-derived from JTF4 belongrng the g_er_n&_&gg_a_g_m_y_qe_s accordmg to the
presentmmnt:onwnltbedescrrbed Pelow s a1 s R R AN Vol B DRI TPy P
" JTFP4 as Sthe éhzyme of‘t’hé‘bfeseht ?nVentlonacts ona pectm and pectic acid to hydrelyze them..JTFR-4 has the
tollowmgphystcoche}mcé? propertres’ TR Y T S-S O S U
hooSeuE 3 nh BN LTS 2L W . T i T R R TR T
(1) Substrate Specificity RPN N ~snr,

starch, dex‘tnn and xylan." 5130 35D IS 6 Sa3 ¢ rpuer A
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JTFP-4’ “sccording o 1He presentinvérition degrades the pectm and peotnc acid, but does not degrqde:_,soluble
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(3) Stab1e pH Raﬁge P aolia
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JTFP-it accordmg {6 the present invention has an optlmal pH neara pH: Q‘HJn o
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JTFP—4 accé?drng to the present 'inventlon is.stable inthe pHANGE0IA16 8. -

(4) Enz&matlcﬁctn’h’ty“”i‘ s B0E PG 0218 2SNy inse91g 9t roitibbs i 3280 so 8 ANz 3tew sy

UIDETBYT o MmEW ARSI 11 €233.38% 93 timd n2ilsbspso aril of IR SPGD s L swW MESDY S
" The enzymatic adtivity 6 JTFP-4'i 33.9 mits/mgiprofela. S units atcamouint of enzymesfor produelng meoqufa

reduclng group of the hydrolysate per minuteat 35°C in'the hydralysis: ofpethaqd)d_ o 0 nngdt aele 2o

(5) Optimal Tempera'tUre WOOUTS T LA G 20T 207200 407010 I e cen

(s} RN T cp ot
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JTFP-4 accordrng to the present invention has ‘an‘optimal temperaturenear:45°C. - R R AT TE
Lo Sest R gl e 30052 RS adru s mo
(6) Stable Temperature Co ALY BTG dEsgi &t U D3 RLOL vDG ST L
Ll S R O epneael LNGEMIGINT [ glnelT
JTFP-4 accordrng to the present mventlon is stable until 45°C. aa
R WECn BT SE s e oo Y e : Ao e
(7) Influence of Metal Ion and lnhlbrtor - SN IE SRR Y B e ot e L

JTFP-4 according to the present invention is inhibited by 69% with barium-chloride, but is not inhibited with magne-

sium sulfate. IR e ey

NPT

(8) Molecular Weight

The molecular weight of JTFP-4 is 38,000.

(9) Amino Acid Composition

JTFP-4 according to the present invention has a maximum content of glutamine and glutamio acid in a molecule

e meem el ah e e
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(130 residues per molecule). . ; ;-
*" According to the present mventlon the endopolygalacturonase is causedto acton the pectm to obtarn a low-molec-

3

" Ularpectin. © T - D e
The endopolygalacturonases generally existin' bacterra yeasts, fungi, and hlgher plants Many steps are requlred :

* 1o purify the énzyme from thesesources. That is, cells-are removed from a culture solution confaining microorganisms
or the like to-obtain a culture supernatant. The-culture:supernatant is subjected to ammonium sulfate-precipitation to
salt out‘'only a protein."The protein is separated based oni charges thereof using an ion exchange.material. The enzyme
“is separated by:ge! filtration in accordance with: molecular welghts thus punfyrng the endopolygalacturonase in accord-
ance with such a general enzyme-purification process..- e Lo e

* According 1o the:present-invention,:when.a commercrally avallable pectrnase is. used puntrcatron must be per-
formed to eliminate pectin esterase and hemicellulase from the pectinase. e

Since JTFP-1, JTFP-2, JTFP-3, and JTFP-4 produced from JTF-1;. d‘I‘F 2, JTF-3 and JTF-4 respectlvely, are
extracellular énzymes secreted outside the thickoorganisms, the culture supernatant-can be directly used as a crude
enzyme solution. The culture supérnatant can‘be generally obtained such that the yeast is cultured.on an agar slant
and is then cultured in mass productlon -The restltant cultured product is centrifuged to eliminate the microorganisms.
in this manner, the culture supéinatant obtained using the yeast:can be directly used in-an enzymatic reaction, thereby
advantageously simplifying the enzyme purification process.

The culture supernatant is preferably subjected to a simple treatment such as dialysis, ultrafiltration, ion exchange,
or gel trltratron to eliminate the yeast smell produced in the reaction using this enzyme and to obtam a more transparent
solufion? & v T T e
A low-molecular pectin is obtained such that the punfred product, culture supematant or |ts treated product of the
endopolygalacturonase obtained as described above is reacted with a suspension obtained by suspending a pectin in
a buffer solution such as acetic acid. '

The type of endopolygalacturonase'tised in thie present inventiori:is not limited to a specific one if it reacts with a
pectin to produce a low-molecular pectin havrng a molecular weight of about 20,000 to 80 000. However JT FP-1 to
JTFP-4 free from laborious operations such as enzymatic purification-are:prefetably uséd.. SRl Tmue vl

_ Asa pectm used in the present invention, any pectin material can be used, and its orrgm is not limited to a specrtrc
one Theretorngenerally Kknown péctins: ongmatmg from fruits, sdich-as a lemon pectrn and an apple pectin can be

L Fia TN <UD D G

) e T LETT B y U O3 7 MRl o0 T 3 DR TR 803 i o F
v trrareactlon between the'pectin' and 'orié of YTFP-1.to:TFP-4,a purmed product a culture supernatant (crude
i enzyme sclutron) or its treated productmay’be used to¥eadt with thepectin. =2 = 2

2¢2" "The degradatuon reaction by thé ehizyieéis preferably performed. torareactron trmeof 12 to 48 hours when the con-
" tent-f the yeast culture supernatant i¥ §38-20°partsby weighit with respect o1 part by weight:of the pectin.The pref-

erable reaction temperature and pH are those which allow a sufficient reaction and-do:.mot: inactivate - the

endopolygalacturonase, i.e., 30 to 50°C and a pH of 4.0 t0 8.0.

According to the present invention, evér iftRecenzyratic reaction isperformed at thé degradation limit, the degra-

datron of the pectm is stopped when its molecular weight is about 20,000. Therefore, by controlling the reaction condi-
" tiong-such’as the reaction time>a’ [ow- }ﬁolecalar*pectrmhavmg an arbrtran/ molecular weight falling wrthm the range of
about 20,000 to 80,000 can be obtained. RERRE-H R P o C DRI SR

Although the low-molecular pectin according to the present mventron can have a molecular werght of about 20 000
to 80,000, the molecular weight preterablyvtallswthrn the range of abodt’50,000 to 70;000 in view.of retention of the
physrologlcal activity as the dletary fiber and ease in addition of the low-molecular pectrn in tood and drink. A low-molec-
ular ‘pectin most preferably has'a i molecular weight of about 60,000 - : :

" The degraded product of the pectii may be‘directly dried and used or may be turther treated

" tion'to ellmmate galacturonrc ‘acid and” rtefollgosaccharrde in the degraded product and acetic acid used as the buffer
" solution'in the reaction. The purified degraded product is'precipitated using an organic solvent such as ethanol or ace-
tone or dried by freeze drying or spray drying to obtain a powder for later applications.

According to the present invention, there are provrded tood and drmk whrch contaln low- molecular pectlns of the

present invention.

The low-molecular pectin obtained by the above method accordmg to the present mventron has a molecular weight
tallmg within the range from that of a polysaccharide such as pectin or agarose to that of an oligosaccharide such as
maltooligosaccharide or fructooligosaccharide. Although the low-molecular pectin has a lower viscosity and a higher
solubility than those of the original pectin, it has a defecation improving effect as one of the physiological actrvrtres of
the dietary fiber. ‘ '

On the other hand, since the low-molecular pectin according to the present invention has the above properties, it

can be contained in an amount which allows to maintain the physiological activity as the dietary fiber, i.e., 0.01 to 50
Wt%, and preferably 0.1 to 5 wit%, which cannot be conventionally contained, in a variety of food and drink such as

“When a further tréatment+$ {0 be pérforried, the degraded. product of the pectin'is purified by dralyers or ultratrltra- :

B b 7
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;u:ces candies, breads, and jams.

- The:food and drink-which contain low-molecular pectins according:to the present mventron exhibit |mproved physr-
cal properties and an improved palate at the above contents. These physical properties and palate are different from

. those obtained in'a case wherein.a conventional pectin is added to food and drink. . - a

As:destcribed. above, since the enzymes (JTEP-1 {o:JTFP-4) used in the present: mventron are extracellular

© enzymes seereted outside the microorganisms, the culture;supetnatant can be directly. used as a; «crudeenzyme: solu-
" tion andiin thi:snzymatic reaction. Therefore, the enzymecaniadvaniageously simplify the enzyme purification process

and easily-degraded the pectin.into a low-molecular pectin. When the enzymes, used.in the: prgsent invention are
caused to act on pectins up to the degradation limit, the decrease i malecular weight ef the.peglin upon degradation
can be stopped at about20,000; and further degradation cannolprogress;according to the characteristic feature of the
enzyme. By controlling the reaction condrtrons a Iow~mo|ecularpectrn_havrng a molecular weight falling within the.range

‘ ~~ofabout20000t080000canbeobtalned TRy L e iy Loyl

- Since the resultant low-molecular pegtin. hasa low viscosity and -a-high solubrlrty and canmarntamthe physrologrcal

ctrvrty (e.g.,-adetecation improving effect) of the dietary fiber; theJow-matecular pectin canbe easily added in the.food
~ and drink in an amount:enough to.provide the physiological. activity.as the'dietary fiber.. ., - ... \

. .The present-invention will be described by wayof.ils examples; bt is not lmted tlpereto. . r'...v,

ETE CIWRIF 0t e N ¢ o
--'[Examples]” SR D Pl b 13 ALLZ PSS 3 10 20 P01, -,-.7_» 3’ s p s iz,
. 5 T M l‘.‘Ct"k P 3tn0 ol Chea . g - .s..' Ay I e eyt .
Parts and percentage represent parts by weight and wt% throughout the examples, unless otherwise specrlred
. - S a2 by Febona bedtio o Sy ’ TN &
'Example 1 SEAMIN DT ANOAMERAIZIUR £ N v T HICH 20T L T Lottt Ll i8R eqene
Teoa T3 42,2 NOAGe Ytk 2
Method of Culturlng JTF-t to JTF*A and-Preparation-ofCrude; Enzyme. Solullons~ s coenma v syt arT
e RN R AR RO (P otoit 3R (918 (RSN PN Ll - Pl IV M Pralto SR TOW foik .hoEy CF
(1) Method ot Cultunng J'FE Land)Rreparatron of-Crude Enzyme Solutlon 12 EFOHAIBTT 2 7 lE e gait B .1, .
- Pagie o a2 ang taeu ed FB0 02 IFTY PITEG VR SLIARVR g2 e s me L D3 p 24

Kluyveromyces fragilis JTF 1-was cultured:en the slant of- potato sycrpse agar (pH ots 0) at 27°Cfor.2¢.hours,.The
cultured luyveromyces fragilis in one platinum loop was inoculated in 50 m£ of a medium (pH of 5. 0) containing 5% of

~ glucose; 0.2% otammonium phosphate,0;1% of potassium:primary phesphate;;0:1%.of magnesium. sultateaand 0.4% - -

of a yeast-extract and was stationarily.cultured at 272C ;for;3.days: ~Tl;usroultured‘product was inoculated in.1£-of a

* - medium having the same*composition:as above the: culture:mediumrand was; stationariy: cultured at 27"6 gons days

" The:resultantcultured product was centrifuged at:13,000.rpmdos:10-minutes to eliminate TFa1, therebyobtammg,aspul-

40 - ;
B (3) Method ot Cultunng JTF 3 and Preparatton of Crude Enzyme Solution

45

50

- ture supernatantot: e cotemgy arecifuz s owolls nidw 9zorit 916 Ho dnis Gtuzﬂg rt ~mhe331 8idns
35

ar D

HEorCbioHgs brs DUCE o1 Sw , 2 7 24k 3 oi aingy oG

ca (2) Method: ot Culturmg JTF 2:and Preparation of Srude:EnzymeBolutioNs noitnavni g reg e ot o m\ok A

et e gesteea T 000 00 s T INDIS W IBILTR DT 28 nare T Sof L S st D nogs
A culture supernatant was obtarned following the same procedures asm(u except. that eot;rc[;um cagc_lldum JTF-
2 was used in place of queromyces lragrlr s JTF-1. Sy -

NNl fa 1R s art ot Gt gt SRR TS

a4 3N rGin0E TG aRsy s

. ;l’\ Wt
Candrda Ketyr JTF 3 was cultured on the slant of:pofato sucrose agar. (pH ot 50) at 22°C for 3 days The cultured
Candida Kelyr in one platinum loop was inoculated in 50 mé.of a medrum (pH of 5.0) containing 5%.0f glucose O 2% of
ammonium phosphate, 0.1% of potassium-primary phesphate,;0.1% of magnesium sulfate, and 0.4% of a yeast extract . |
and was stationarily cultured at 22°C for 3 days. This cultured product was inoculated in.1¢ of a medrum having the
same composition as the above culture medium and was statioparily cultured at 22°C for 4 days The resultant cultured
product was centntuged at 8,000 rpm for 10 minutes to eliminateJTF-3, thereby obtammg a culture supernatant

- .o Lo

(4) Method of Cultunng JTF 4 and Preparatron of Crude Enzyme Solutron

P I

_gg&nam_mlges_b_aMJTFA was cultured on the slant ol potato sucrose agar (pH of 5. 0) at 28°C tor 3 days The

. cultured Saccharomyces bayanus in one platinum loop was inoculated in 50 m/ of a liquid medium (5% of glucose,

55

0.2% of ammonium phosphate, 0.1% of potassium primary phosphate, 0.1% of magnesium sulfate, and 0.4%.of a yeast

extract; pH of 5.0) contained in a 200-m¢ Erlenmeyer flask and was stationarily cultured at 28°C for 3 days. This cultured

product was inoculated in 1 of a medium having the same composition as the above culture medium and contained in
a 3-¢£ Erlenmeyer flask and was stationarily cultured at 28°C for 3 days. The resultant cultured product was centrifuged
at 8,000 rpm for 10 minutes to eliminate JTF-4, thereby obtaining a culture supernatant.

e e camaa b bbb = 4 e
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Example 2 .
Method of Preparing JTFP-4 S PR

The culture supernatant obtained in Example 1 was filtered through a millipore filter (pore size: 8:45:um). fo-perfectly
eliminate JTF-4. The culture filtrate was dialyzed overnight in a 0.02 M acelic acid buffer solution (pH of 5.0) at 5°C.

* About 800 me of the dialyzed culture supernatant were adsorbed in an.ion exchange column (S-Sepharose) and were

eluted in accordance with a density gradient method using an aqueous sodium chloride solution. Active fractions were

. collected; and ge! filtratiori:columin chromatography (Sephadex G-75). was performed using a 0.02 M acetic acid buffer
solution‘as an eluent. This chromatogram exhibited one-highly active peak: The. fractions corresponding tothe highly
active peak were collected-and dialyzed overnight in distilled water at:5°C. The dialyzed product was condensed to 5
m¢ by gel filtration. About 1 mg of a purified enzyme:was.obtained as a protein from 600-m£of the culiure supernatant.
The enhzymatic activity(6ne unit) was determined by measuring the number of reducing groups in the hydrolysate

- obtained by the enzymatic reaction in accordance with the Somogyi:Nelson method. That:is, one unit is an amount of

-enzymie for producing:1” pmol of the reducing gréups of.the hydrolysate per: minute at 35°C (the .number of produced
reducing groups is figured out as an amount of galacturonic acid). As a result of this measurement, the enzymatic activ-
ity according to the present invention was found o be 33.9 units/mg protein.

When SDS polyacrylamrde electrophoresis was performed using this sample, the sample was detected as a'single .

band
T P H U P S S I P T T I T LM  AURC LR L S Tty N
5 Examplea W ' 3 a3 . G
VAT BGES I e i T Lo L TR ETY. IR I AR I S R S AU APLT RN S .
el ’I'hefollowm'g expenment‘ was performedto examine the propertlesof the“enzyme (JTFP 4) of the present inven-
CiON e, Y P ' i3 & A .y Pt .

(1) Substrate Specificity

FMBA SRS E LY 8 Il

In order to examine the substrate specificity of the enzyme, reactlvnty between the enzyme and substrates shown
m Tabte:1 Wwas: “examined.:” S EDR0 MR AT G, hathn A o v s craait o 5 et

ZEaéh substrate was. added 50 that’thetmal concentration 6f 402 M: acetlc acud buffer. solutton {pH of 5 0) was set

{0 be 0;2%. 0:1 m¢ of an enzyme solition wias added-t00.15:m¢ of edach resultant solution-and’'was reacted therewith
~at 85°Q $ar-20- minutés: ‘The presenterabsencesoithe subistrate degradation activity wastdetected by measuring the
S nuimber 6f Feducing tetriinals for-éachisubsiirate:Fhe degradation activity foreach substrate is shown in Jable 1. A'mark

o incTable 4 repreSents &'substrdte: dé@ra’d@d!by&mmymeﬁand & m‘afk\ xitepresents a-substrate not degraded by the

nzyﬁ'le 2Hw i F0avy it o amyens 3l to Civitoz e tsar et Y s T hsanas 2 3h g
SIS FEE 202 ysr 2int o spns amtr;'sor'.a‘ecs 2 .:nT JU33iE @08 recas Of hesuns ziw
Table 1 COGIING Ong £ IETR A L e o
Substrate Specmty
: Substrate o Qggra‘_q,atrqn.:; T

e T B A & EERER N
d A RS 0 C! urﬂ !
! o 0 ol arDexdrinstg i suexa s s e
Starch X
Xylan b

As is apparent from Table 1, the enzyme of the present invention can degrade the pectin and pectic acid, but does
not degrade a soluble starch, dextrin, and xylan.

(2) Optimal pH

0.02 m? of an enzyme solution were added to 0.23 m¢ of a Mclivaine buffer solution having a pH of 2 to 7 and con-

taining pectic acid to obtain a final concentration of 0.2% and were reacted therewith at 35°C for 20 minutes. The activity
was measured by a Somogyi-Nelson method. Enzymatic activity values were measured as relative activities when the

[URTE T U NN
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" maximum activity value was defined as 100%. As shown in Fig. 1, the relative aclivities obtained by the Somogyi-Nel-

son method were plotted as a function of the pH 1o obtain an optimal pH. As is apparent from Frg 1, the optrmal pH of
the enzyme of the present invention was near 4. G s ek

-(3)Stablep‘-|Range S ‘ ST S IR I

rr__]’," B . o PR ) . ~...
Buﬂer soldticns werea 0.2 M Mcllvanne buffer solutron (pH of 3 to .7) and a phosphonc acld buffer solutron (pH of 7

1010) L ' "-‘\‘»“‘*‘41» D i
2 0. 025 ml of the: enzyme ot the present invention were: added to 0 125 m{ ot each buﬁer so!utron havrng A pH of 3

to 10 and were:treated at 35°C for an‘hour.:0.15m{ of & 0.5 M:acetic acid buffer splution (pH'of 5.0) were addedito the .

treated solution to adjust the pH;td-s.O. Pectic acid:was :added: to- this ‘solution so-that the final concentration was
adjusted 10.0.2%, the resultant solution was reacted at 35°C:for.20:minutes, and the activity was measured by the-Som-
ogyi-Nelson method. Enzymatic activity values were measured as #elative activities when the maximum activity value

" was defined as 100%. As shown in Fig. 2,:the'relative dctivities obtained by the Somogyi-Nelson method were plotted

as a function of the pH to obtain a stable pHrange. Asrrs apparent from.Fig.2, the enzyme of the present mventron was
stable within a pH range:of4 10 8:.:11 Wo fiuizat: A s 0w R U .
Shahot o oE IR Cor e o s .

(4):Optimal Temperature.; ~ i = * shg~me 2idl vagfoser obe 3

PP Rt S I S A

0.02 m¢ of the enzyme of the present invention were added to 0.23 m¢ of a 0.2 M Mclivaine buffer-solution '(pH’of
. 5.0) containing 0.2% of pectic acid and were reacted therewith at a temperature of 20°C to 80°C for 5 minutes; and the

activity was measured by the Somogyi-Nelson method. Enzymatic activity values were measured as relative activities

- when the maximum.activity value was:defined as: 100%. As shown.in Fig.-3,thg relative activities obtained bysthe Som-
ogyi-Nelson method were plotted as a function of the temperature to obtain an optimal temperature. As is apparent from

Fig. 3, the optimal temperature of the enzyme of the present invention was about 45°C.

A S
$o SEYL mENele v

' (5) Stable Temperature Range

sty ok FRERME W E Pl viISES T e Rs S0 iR ue stevede st AT w3 o1gbin &
0 02 me ot the enzyme of the present mventron were added to 0 13 m/£ of a 0.5 M Mclivaine buffer splutron (pH. of
5.0) and-were heat:treated at a temperature.of 20°C-to 65°C.for 60 minutes. After theireaction:solution-was epoled with

" ice, 0.1 m¢ of a.0:5% aqueous.pectic acid-solution was added tqreach.treated-solution and was reacted:therewith.at

35°C for 20. minutes, and#he activity was:measured-by.the: Somogyi-NeJsenmethod. Enzymatic activity xalues.were

.+ measured-as relative activities when the:maximur activity-valise was:defined:as: 100%.:As-shown in Fig-4.ithe relative
- activities obtained by the: Somogyi-Nelson method were plotted.asaiunctionohthe:temperature to.obtain a stable.tem-
perature range. As is apparent from Fig. 4, the relative activity of the enzyme of the present invention was Z3% upfo -

45°C, but was reduced to about 20% at 65°C. The stable temperature range of this enzyme was limited up to 45°C.

(6) Influence of Metal lon and Inhibitor A

Influences of a metal ion and an inhibitor on theenzyme ot the present invention were examined.

Each metal ion and the inhibitor in Table 2 weré added m0~15 m¢-of a 0.2 M acetic acid buffer solution (pH of 5.0)
containing 0.002 m¢ of the purified enzyme solution to obtain a; cqncentratlon of 1 mM. Each solution was reacted at
35°C for 5 minutes, and 0.1 m¢£ of a 0.5% -aqueous-pectic acid-solution was added thereto. The resultant solution was
reacted at 35°C for 20 minutes, and an inhibition'ratio was ca1culated using the Somogyi-Nelson method. Results are

shown in Table 2. The inhibition ratio is a relatrve value wrth reterence‘to a case (0%) in which a metal or inhibitor is not -

added. e

.Table2- . -
Influence of Metal and Inhibitor

Compound Concentration (mM) | Inhibition Ratio (%)' ) A‘ .

No additive - 0
BaCt 1 69
KC¢ . 1 . .35

Pb(CHzCOO), 1 - : 54
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- .. .Table 2 (continued)

Influence of Metal and Inhibitor

Compound

Concentration (mM)

Inhibition Ratio (%)

i FeSO4 1 "’

Casz 1

0
N
w31 4

As is apparent from Table 2, this enzyme was most innibited'(')"‘-l%) by EDTA. The enzyme was inhibited by a bar-
-dumy ion (banum chlonde) by 69%. No inhibition was found with a magnesium,ion (magnesnum sulfate).

(7) Molecular We:ght

15 .-
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to be 38,000.

RO N SN BN

TR ATTTP R BV

The molecular welght of thls enzyme obtained in Example 2 was measured by SDS polyacrylamnde electrophoresns

(8) Ammo Acrd Composmon

fomes Y

il

i BRI

Lome RS

PRV SN
Vol

N

The enzyme of the present mventnon was hydrolyzed w1th 6M hydrochlorjc acud ad 105°C for 24 hours The hydro- ‘

lysate was analyzed by an amino acid analyzer (Hitachi, Model 835) to measure the amount of constituent amino acid.
The measurement was repeated three times, and awratio of the amino. acid-contents-was calculated to obtain an amino

et
[ S 2N

1

H I SOl

St s

s

acid composmon Results are shown in Table 3.

AR E RV I LR A

S-S

lAmrr!o Acnd Resndue (per Cinr e a et

Asparagine + aspartic acid
Threonine '
iSeringsy E
Glmemine + glutamic acid
Clydine

Alanine
RS

N
aw

Methionine
Isoleucine
Leucine

Tyrosing

Phenylalamne'
Lysine
Histidine
Arginine
Proline |

Note)

tophan and cystine.

No experiments for detection were performed for tryp-

TuAY RS H T B PSS e

Table3
*Amnino:Acid Composition'’-
Amrno Ac1d _______

s e e e e e
BRIt Toar NN i M B,

e medebdmids
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As is apparent from Table 3, the amount of amlno acrd resrdue per molecule is largest in the glutamine + glutamic
acid and is the second largest inserine. .. . e
Example 4 o ST T

Preparation and Analysis of Lemon Low-Molecular Pectin

a) Preparation of Lemon Low-Molecular Pectin

(1) Preparatlon ot Low Molecular Pectrn by JTF 1 Culture Supernatant )
r e R TP
100g of a lemory pectin (Wako Junyaku Kogyo) were suspended in‘4¢ of'a 0.025 M acetic acid:buffer: solutlon (pH
of 4.8), and 14 of the culture supernatant prepared in (1) of Example 1 was added thereto. The resultant solution was
reacted at 40°C for 24 hours. The resultant reaction solution was condensed by a rotary evaporator at:60°C and was

dialyzed overnight with respect to 100-fold deionized water of the sample solution. In addrtron the dralyzed product was .

- -freeze-dried‘to obtain58:34g of the lemon fow-molecular peetin, 1zt s R .

20

- (3) Preparatron of Low-Molecular Pectin-by JTF-3 Guiture Supernatant

25

(2) Preparation of Low-Molecular Pectin by JTF-2 Culture Supernatant

59.25g of a lemon low-molecular pectin were obtained following the same procedures asin (1) except that 1! of the
culture supematant prepared ia (2) of Exampled was used. < . /oLt s nbie dosue g T

Ta e DO AN2HATISHEIED . L e D

ST g i DRY

60.74g of a low-molecular pectin were obtained following the same procedures asin (1) except that 1£ofthe culture =

.~ supernatant prepared in (3) of Example 1 was used.

S
P

“+-(4) Preparation of Low-MoIecuIar Pectin by JTF-4 Culture Supernatant

307,

.b) Analysrs of Lemon Low-MoIecuIar Pectrn

&

35~
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AEE

70. 409 of alow- molecu[ar pectrn were obtamed followrng the éame'prdt:edures as |n (1 ) except that 1£ of the culture ..
: supernatant prepared in (4) iof Example 1 was used.

LT l

B AT

'

The lemon Iow-molecular pectins obtained in (1) to (4) of a) were subjected ltwthe following measurements (1) to =

i

(4). ; Ly §ONE NIRIGIY - 20N
; ‘

(1) Measurement of Molecular Welght = ! S

L5y A

The main peak of each lemon low-molecular pectrn was measured by HPLC analysrs using a TSK-G 4000 PW gel
filtration column to calculate its molecular weight using Pullulan (STANDARD P:82,:Showa Denko) as the standard
sample. i : i soingic 9

(2) Measurement of Ratio of Galacturonic Acid to Neutral Sugar S
1;

After each lemon low- molecular pectin was perfectly decomposed using Drrselase (KYOWA HAKKO), the ratio of |

galacturonic acid to neutral sugar was measured by HPLC analysis using a Shodex Sugar SH-1821 column (S. Matsu-
hashi, S. Inoue and C. Hatanaka, Biosci. Biotech. Broclgem 56, p. 1053 (1992))..

(3) Measurement | of Viscoeity
A 5% solution of each iemon low-molecular pectin according to the present invention was prepared, and its viscos-

ity was measured using an E type viscometer (Tokyo Keiki, VISCONIC ED Type).
Results in the above measurements (1) to (3) are shown in Table 4.

[ P S U

U S
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Table 4
= 1 Low-Molecular Pec- | Low-Molecular Pec-| Low-Molecular Pectin | Low-Molecular Pectin
5 | tin by JTF-1 Culture | tin by JTF-2 Culture” [ - by JTF-3 Culture | --byJTF-4 Culture
Supernatant. | ... Supernatant . | . . Supernatant | " Supernatant
Yield (%) | L 5834 . 3925 . | . 6074 | 7040
MolecularWelght 66x10° | 66x10% - ob o 66x100 | . 66x10%
101 Galacturonic Acid : 87.7:12.4 TTegyaiy2e P 78631137 |vY T 8650135
Neutral Sugar __
Viscosity (cp) 15.97 15.97 , 15.97 15.97
Outer Appearance of  yellowish brown ~ yellowish brown yellowishbrown |- yellowish brown
®o|SeAqueausSolu- | b s L
Y tion™ LN S SIS T A T AN I ARG To P TR Mokt IR IR S SRR IR
(4) Measurement I| of VISCOSI‘ly
20 v [OTATES I SN L SIS o S ST TooD RN TR PT QBEE U0 O aMINE LRE IO - i .
R Y The viscosity of the lemon Iow-molecular pectin obtained in-(1):of a) was: compared withthatofa Iemon pectm The
viscosities were measured using an E type viscometer (50 rpm). Resulis are:shown in:Fig. 5: The vxscosny oi the pectin
was considerably reduced. Similar:results were obtained for. other low-molécularpectins: - :rimsse - o0 s
25 (5) Defecation Improving Effect Yool
= > 4-week old:SD: male rats were fed with-a commercial'solid feedy{orientat yedst solid feed'MF).for 4 days and were
divided into four groups each consisting of five rats. A feed containing the low-molecular pectin obtained in (1):of a) and
g componehté shown.in Table-5,;and a'selid feed weresupplied to each groupy and the rats were fed for 9 days.;The feces
30 ‘of thé ratsvon:the ninth:day were:coltetted.sResults are shown in-Table 6. ‘The hardness.of the feces by the. so!ud feed . .
»was xised as’ areference “The hardfecesare (negat:ve) and the soft feces are +(posmve) TR semL T
NCUE SR3 s 1L h Wi s PARRT D
Safied B aitsT ot Latiamrilg 36 2iluess 10 sl
Table 5
35 Component Control Group (g), | Pectin Group (g) | Low-Molecular Pectin
. SR - ey Group (g)
Casein — L Epg vt My el | 22
Lard P 9 9 T e
@ Corn oil - 1 1y
Mixed Salt ' 35: ST agetv ;-;=35 Ee1 IS 7] B : a5
Mixed vitamin * = 1. 1 1 1
s Choline chloride 0.2; 02 U™ 0.2
Cholesterol 1 1 g 1
Bleacd .~ | ‘025 025 | 0.25
Pectin') A TR SR -
50
Low-molecular pectin') - - 5
Sucrose 63.3 58.3 58.3

55

1) The pectin and the low-molecular pectin were prepared from a lemon p ctin (Wako Junyaku
Kogyo).

[ I S
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« Table 6
ot oo | Solid Feed | .Control Group::| -Pectin Group |. Low-MolecuIér Pectin

Ponut

. |. softening 0 B T e
z:"u}h . . X R v, . e

’

Judgmg from the above resuilts, the low-molecular pecﬂn prepared usmg the yeast of the present mventnon has a
-feces softening effect and was found-to have ar defecation iniproving effect. AR .
Similar results were also obtained for other low-molecular pectlns

Example 5 .
. - L | T{ ,\' t
Apphcatlons of Low-Molecular Pecttn ‘ 00IS RS Iy i A

Appllcanons usmg the low-molecular pectm obtained in (1) of Example 4 will be descnbed in the followmg a) to c)

TIR2ONGS A PR S

T |

a) 30% Apple Juice
TR HEITEEE T LE RS
6 parts of 5-time condensed apple juice, 10 parts of granulated sugar, 0.2 parts of DL-mallc acad 0.02 parts of
-+ sodium citrate,’and.83 parts of distilled water were tnixed with . part. ej the Iow—molecuiar pectin to'prepare-a 30% apple
juice containing 1 wi% of the lowmolecular pectind .(1n: 07 tatamararn 304 2 0 200y 082827 219w 2e:tier:

The juice containing the:low-molecular.pectin exhibited smoothnector Jike:physical properties. v stz s 2y
b) Hard candy ' USRIV RS Il oB I T

A=:composition:_ mdterial ('Table 3) comaining:t part of:theJow-molecular pectin. was used:to prepare an:apple type
g hard candy.: % FILL TIDG R LM A0t un'miniitGs Nest 8 218 9vdio pritzizrcs M8 Saue 't TIGE At ne bk

2.+ Sugar millet jelly, and water were mixed with each other;:and the resultant:mixture was heated to 136°C; {he;lqw-
- molecular pectin dissolvediin'a small anount of water was added to;thelabave:mixturs and:was boiled:dowa:to 147°€.
Citric acid; spices, and a coloring agent were added to'and frixed:in the botled-down.mixture. Fhe resultant mixture:-was
cooled and molded. As a control, an apple type hard candy obtained by adding 1 part of a pectin was prepared and was
compared with the hard candy of b). Results are summarized in Table 8 below.

e e e e b e M Bt mmtn et o o a4
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2 aldg?
SLET e umRiead e, | ‘g Ly nifnet Tbr’é guowd lormal netoqinnd ’
- it -’—"Cqmponent§(partsbyxggrght)—-——-—-—-~ It -
Sugar A
Millet jelly ) |40 |
App!ejuice (5-t_ime cond:ensed) ap 2 PPN
Water Pows !
Citric acid . T
Spi@es ) 0.1 |
Colqring agent - appropriaté amount
LovJ-moIecdlér ‘pectin o ' 1
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_ Outer Appearance - Taste | Total Evaluation
1% low-molecular pectin-added _| properly dispersed | sour-sweet; mild taste " | véfy good
candy = o h o T Trliamins T

MR DAL ST : .
not satisfactory

1% pectin added-candy lump of powder; not properly dis- | too sour; strange taste
persed

10

oy, et L .

When 1 wt% of pectin was added to the candy material, the pectin formed a lump of powder and could not be prop-
erly disperséd. However,'when the low-molécular pectin:-was added.inthe same‘amount as that of the pectin, the low-
molecular pectin could be properly dispersed and facilitated the preparation of candies. In addition, the pectin-added

15 "candy was-100 sour.and had a strange taste: However, the low-molecular pectin-added candy tasted good.

Ly RTINS PO RIS e

R U I I TR B N

¢)Biead "¢ i TEAe

Bread was prepared using a composition material shown in Table 9. .
20 725 pdrisiof the low-molecularpectin were dissolved in water:ifiadvance, and this. aqueous solution was mixed in
the material (Table 9) except for a dry yeast. The resultant mixture was charged in a bread case of a Sanyo bread maker
{(SPM-BY);"and the dry yeast was'added thereto:: The:mixture was kneadled and fermented to bake the bread::As a con-
*“trol! bread was baked using the material €omposition (Table 9)-from which:the low-molecular pectin was omitted.
TR BOU NSRS I IMAT G T DT BT ARG e, BAN T e R anin oa e P A Lm0

S0 000
ARSI e s eyt

25
Table 9

EATLmon Zeive L2 watliod armyans sUL' ' Comporients{part by weight)' MS]= rsiugeion sl rdga

| Highprotein flour. .

2N Gugar? s sten

i PEII

S iUt TN A e Yy

30 °

nodrsey adf i oe g ¥ A

o5 T ot oanint3 T ne Fiic2 anmyand 3% 2 xcl‘:s:smacu.-':i 2| bal grisgi niind

hérien ng

ax3 nilzDeyyeastoig amnee ari;
St 3%&’{&;%&:‘5‘

‘. o~ ed - . - e a“m
JEMAIL RIS N IS

-4

'LOW'}T\O!egu‘a_f pecnn‘;\ ' ' B A 4

35
are endivn & s

UaniEs g

S REF- NS §

T P T | A s g .
PR T TR TN ST T I B O

40

The organoleptic test results are shown in Table 10. Bread containing about 0.5 wt% of the low-molecular péctin
and bread of the control were dlmost the samie, but the low-molecular. pectin-added bread was softer than the control.

b e s R s P .
45 T ELLOTL RO RN )r.:-'::._z GTINRTIS BRI L orriL e

Plam s

Outer Appearance and Taste Total Evaluation

0.5% Low-Molecular Pectin-Added Bread siigm yeast-like smell; softer than the control; uri- good
formly baked in brown

Control o " | pleasant smell of bread; unitormly baked inbrown | ~ . .good

50

The above tests a) to ¢) were also conducted for the low-molecular pectins obtained in (2) to (4) of Example 4, and
55 similar results were obtained. .
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~the resultantlow-molecular pectms had a molecular weight of 6.6 x 104..

EP 0 868 854 A2

Example 6

Preparallon ot Apple Low-Molecular Pectin
Apple Iprmolecular pectins were prepared from an apple pectln (Wako Junyaku Kogyo) obtained followung the
same procedures as in (1) of Example 4, using the culture supernatams prépared in (1) and (3) of Exafhple” 1 Each of

L R R S if- HEARNANY P S Y .;:-"?

Example 7 ' : v

Preparahon of Low Molecular Pectm by Culture Supernatant Obtamed by Dialysis

RN L . 217 (U | b AP s SHEMIE N TRV I Wit e i iy
(1) Preparatron ot Low Molecular Pectm UsmgCulture Supernatanr«of Crude Enzyme Solution Qbtaineg:from JTF-1
PR DS LebIoEe 1 st oty st Kty P s e Gy T W e A

A low- molecular pectm ‘was: prepared following the samie procedures as in Example A except that. arcul;ure super-
natant obtained by dialyzing overnight 1£ of the supernatant obtained in the method of (1) of Example 1 against 300¢
of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the culture supernatant prepared in the method
of (1) of Example 1. The resultant low-molecular pectin had a molecular weight of 6.6 x 10%.

E - M TR IO S PN S SR SN S Y REEEAT NN QST ¥Ped

N -1 s .
. vt B R eran basd "\0"9“":13 tawr Al trshives ge 2Fa3v e SHhwies (A STV lRLotae

* Alow- molecular pectin was prepared following the same procedures.as in- Example4 exqept that.a cylture, szper-
natant obtained by-dialyzing overnight 1£-ofthe supernatant obtainedinithe: methad;of (2) of Example 1, agaipst300¢
of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the culture supernatant prepared in the method
of (2) of Example 1. The resultant low molecular pectin had a molecular weight of 6.6 x 104,

2 aAlns S

(3) Preparation of Low-Molecular Pectm Usn—QCulfure S‘uger,gifai} oFCrude Enzyme Solution Obtained from JTF-3
1

(2) Preparatlon ol Lew-Molecular'Pectin-Using Gulture Supernatant of Crude Enzyme; Solutlon Obtamed frem JTF-2

¢ s - g . 1S A o % 2 e i e e

A low- molecular pectin was prepared followrng'the same procedirreé asim Example 4 except that a culture super-

natant obtained by dialyzing overnight 1£of the supernatant obtamed\mjtheﬁ method of (3) of Example 1 against 300¢ - .

of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the cthure supernatant prepared in the method
of (3) of Example 1. The resultant ITw-molecuIar pectin had a moleculér’Wel?ht of 6.6 x 10%.
| slim mbte

(4) Preparation of Low-Molecular Pectln Using Culture Supernatanrt gl gggde Enzyme Solution Obtained from JTF-4

A low-molecular pectin was prepared?dllownng!the same proeedures(éslln Example 4 except that a culture super- h

natant obtained by dialyzing overnight 1£.0f the supernatant obtarneqaln thq method of (4) of Example 1 against 3004
of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the ciiture supernatant prepared in the method
of (4) of Example 1. The resultant Iow molecular pe,ct'h had a’n'lol'éb'fﬁarfw’erght of 6.6 x 10%.

Clalms

> TULousE T 81 0o bdad CF 8 48T miitwads sd affiomy et 3 i o ALy i)

10 A low-molecular pectrn abtained by causing an endopolygalacturenase to actomapectin.: . - . . - iy s

2. A low-molecular pectin according to claim 1, characterized in that the endopolygalacturonase is produced from

Kluyveromyces, a genus Ggotngum, agenus andudg; 3lor a genus Saccharomyces

3. A low-molecular pectm accordmg to clarm 1 or 2 characte i ed in that the pectm has a molecular werght of 6.6 x
104, ' : - ' ~

4. Afood or drink characterized by containing the low-molecular pectin according to either one of claims 1 ta3, at0.01
to 50 weight%. : S

JR U
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